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A B S T R A C T   

The personality trait of neuroticism is considered a risk factor for stress vulnerability, putatively via its associ-
ation with elevated limbic reactivity. Nevertheless, majority of evidence to date that relates neuroticism, neural 
reactivity and stress vulnerability stems from cross-sectional studies conducted in a “stress-free” environment. 
Here, using a unique prospective longitudinal design, we assessed personality, stress-related symptoms and 
neural reactivity at three time points over the course of four and a half years; accounting for prior to, during, and 
long-time following a stressful military service that included active combat. Results revealed that despite 
exposure to multiple potentiality traumatic events, majority of soldiers exhibited none-to-mild levels of post-
traumatic and depressive symptoms during and following their military service. In contrast, a quadratic pattern 
of change in personality emerged overtime, with neuroticism being the only personality trait to increase during 
stressful military service and subsequently decrease following discharge. Elevated neuroticism during military 
service was associated with reduced amygdala and hippocampus activation in response to stress-related content, 
and this association was also reversed following discharge. A similar pattern was found between neuroticism and 
hippocampus-anterior cingulate cortex (ACC) functional connectivity in response to stress-related content. Taken 
together these findings suggest that stressful military service at young adulthood may yield a temporary increase 
in neuroticism mediated by a temporary decrease in limbic reactivity, with both effects being reversed long-time 
following discharge. Considering that participants exhibited low levels of stress-related symptoms throughout the 
study period, these dynamic patterns may depict behavioral and neural mechanisms that facilitate stress 
resilience.   

1. Introduction 

Personality traits represent a relatively stable set of cognitive and 
emotional patterns or tendencies that account for individual differences 
in behavior (Corr and Matthews, 2009; Mischel, 2004; Zelenski and 
Larsen, 1999). The well-established “Big five” model defines personality 
based on five broad dimensions or traits: neuroticism, extraversion, 
agreeableness, openness and conscientiousness (Digman, 1990; McCrae, 
2009; McCrae and John, 1992). Among these traits, neuroticism cap-
tures the tendency to experience negative emotions or exhibit emotional 
instability (Barlow et al., 2013; McCrae and John, 1992). As such, 
elevated levels of neuroticism have been repeatedly associated with 
enhanced negative affect and physiological hyper-arousal in response to 

stressful situations among healthy individuals (Aldinger et al., 2014; 
Bibbey et al., 2013; Leger et al., 2016; Poppelaars et al., 2019; Reynaud 
et al., 2012), as well as with increased overall risk for stress-related 
psychopathology (Jeronimus et al., 2016; Kendler et al., 2006; Khan 
et al., 2005; Kotov et al., 2010; Malouff et al., 2005). In addition to its 
putative role as a risk factor, longitudinal studies indicate that neurot-
icism levels may also change in response to stressful environmental 
circumstances (McGue et al., 1993; Ormel, Riese and Rosmalen, 2012; 
Robins et al., 2001; Vaidya et al., 2008); implying a reciprocal relation 
between stress exposure and neuroticism. To this end, exposure to either 
acute or chronic life stress has been associated with an increase in 
neuroticism scores (Goldstein et al., 2019; Jeronimus et al., 2014; Metts 
et al., 2021), and this effect was particularly potent if stress exposure 
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occurred during young adulthood (Leikas and Salmela-Aro, 2015; Ogle 
et al., 2014; Riese et al., 2014; Roberts et al., 2006; Shiner et al., 2017). It 
was further suggested that the impact of life events on personality traits 
might be temporary (Ormel, VonKorff, Jeronimus and Riese, 2017). 
Whether stress-induced changes in neuroticism persist long-time 
following stress offset, and whether these dynamic patterns are associ-
ated with stress-related psychopathological symptoms or may in fact 
depict an adaptive response to stress, has yet to be directly assessed. 

Compared to the wealth of longitudinal behavioral studies on 
neuroticism, as reviewed above, neuroimaging literature on neuroticism 
mostly relied on cross-sectional designs. Majority of studies associated 
elevated neuroticism with increased reactivity to negatively charged 
stimuli in limbic brain regions, particularly the hippocampus, amygdala, 
and anterior cingulate cortex (ACC) (Allen and DeYoung, 2016; Brown 
et al., 2020; Canli, 2008; Chan et al., 2009; Cunningham et al., 2011; 
Haas et al., 2007; Hyde et al., 2011; Ormel et al., 2013; Schuyler et al., 
2014; Servaas et al., 2013). Though other studies did not find such as-
sociations (Bruhl et al., 2011; Cremers et al., 2010; Drabant et al., 2009; 
Neumann, 2020; Silverman et al., 2019; Thomas et al., 2011). Studies 
assessing the association between neuroticism scores and functional 
connectivity patterns also yielded mixed findings, including increased 
(Cremers et al., 2010) and decreased (Yang et al., 2020) connectivity of 
the amygdala with the dorsomedial prefrontal (dmPFC), as well as 
increased amygdala connectivity with the ventromedial prefrontal cor-
tex (vmPFC) (Silverman et al., 2019) and decreased connectivity with 
the ACC (Cremers et al., 2010; Deng et al., 2019). Additional support for 
the putative role of the ACC in neuroticism, particularly its dorsal part 
(dACC), stems from a recent meta-analysis demonstrating a positive 
relationship between dACC gray matter volume and neuroticism scores 
among healthy adults (Liu et al., 2021). Taken together, neuroimaging 
literature highlighted the amygdala, hippocampus, and ACC as neural 
structures that may relate to neuroticism scores, though multiple in-
consistences emerged, potentially implying that the association between 
neuroticism and limbic reactivity is dynamic and context dependent 
(Servaas et al., 2013). In support of that, using a within-subject design it 
was recently demonstrated that neuroticism scores are associated with 
selectively enhanced amygdala response to fearful faces under stress, 
but not in stress-free conditions (Everaerd et al., 2015). Longitudinal 
investigation of the relations between neuroticism and neural reactivity 
is still missing. Accordingly, it is unclear whether stress-induced dy-
namics in neuroticism are associated with changes in limbic activation 
and functional connectivity patterns during stress as well as long-time 
following its offset. 

In order to address these critical gaps, we conducted a prospective 
longitudinal assessment of personality, stress-related psychopathologi-
cal symptoms, and neural activation and connectivity patterns, among 
fifty healthy young adults recently drafted to military service. Three 
assessment points were completed over the course of four and a half 
years, accounting for prior to, during, and long-time following a stressful 
military service that included active combat (Fig. 1). Following previous 
findings, we hypothesized that exposure to this prolonged period of real- 
life stress, particularly during young adulthood, would lead to person-
ality changes in the form of elevated neuroticism during military service. 
We further hypothesized that a subsequent reduction in neuroticism 
scores long-time following stress offset (i.e. following discharge) may 
depict an adaptive resilient response to stress, as a sign of recovery or 
normalization. With respect to limbic reactivity, we hypothesized that 
stress-induced dynamics in neuroticism will be associated with changes 
in limbic activation and functional connectivity patterns, particularly in 
response to negatively charged stress-related content. More specifically, 
we hypothesized that stress-induced increase in neuroticism during 
military service will be associated with elevated limbic reactivity, and 
that an adaptive response to stress will also involve normalization of 
limbic reactivity long-time following stress offset. 
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2. Materials and methods 

2.1. Participants 

Fifty healthy participants (all 18 years old, 25 males) were recruited 
to the study. All participants were new draftees to a three-year 
mandatory military service in the Israeli Defense Forces (IDF). Partici-
pants were recruited to the study after entering a pre-draft training 
course towards becoming combat paramedics. All participants success-
fully passed a series of physical, cognitive, mental, and sociodemo-
graphic tests and examinations prior to their enrollment to this elite 
training course, as a part of the standard IDF recruitment procedure (see 
Supplementary methods for more details). In addition, only individuals 
that reported no history of psychiatric disorders for them and their first- 
degree relatives, and no traumatic experiences prior to enrollment, were 
recruited to the study. All participants provided written informed con-
sent approved by the Tel-Aviv Sourasky Medical Center and the IDF 
ethics committees. The final sample included data of 48 participants at 
the first time point, 40 participants at the second time point and 28 
participants at the third time point (see section 3.1 for more details). 

2.2. Procedure 

The study involved three time points of assessment, over the course 
of four and a half years. Each time point included a structural and a 
functional MRI scan as well as questionnaires assessing personality and 
posttraumatic and depressive symptoms. The first time point (tp1) was 
completed following enrollment to combat paramedics course, prior to 
military basic training. The second time point (tp2) was completed a 
year and a half after tp1 (mean: 18 months, range: 15–20 months), 
approximately half-way through military service, and immediately 
following the second Lebanon war, a 34-day military conflict in Lebanon 
and northern Israel that took part in July–August 2006, during which all 
participants took active combative role. The third time point (tp3) was 
completed three years after tp2 (mean: 36 months, range: 32–46 
months), approximately one year after military discharge. Taken 
together, this unique cohort and design enabled prospective longitudi-
nal assessment of personality, stress-related symptoms, and neural 
activation and connectivity patterns, prior to, during and long-time 
following exposure to real-life combat stress (Fig. 1). 

2.3. Personality and symptomatology questionnaires 

Personality was assessed at each time point using the NEO Five- 
Factor Inventory (NEO-FFI), a 60-items personality inventory that cap-
tures the big five personality traits of Neuroticism, Extraversion, 
Conscientiousness, Openness and Agreeableness with high test-retest 
and internal reliability (McCrae and Costa Jr, 1989; Murray et al., 
2017). Posttraumatic and depressive symptoms were assessed at each 
time point using the well-established Posttraumatic Stress Diagnostic 
Scale (PDS) (Foa, Cashman, Jaycox and Perry, 1997) and Beck Depres-
sion Inventory (BDI) (Beck et al., 1961), respectively. 

2.4. fMRI paradigm 

During functional MRI scan at each time point participants 
completed a backward masking task that included backward masked 
pictures of either stress-related (military and medical) or neutral 
(civilian) content, presented for either 33 or 83 ms (Admon et al., 2009). 
Each picture was followed by a scrambled image presented for 477 or 
427 ms respectively (“backward masking”), and a subsequent blank gray 
background presented for 500 ms. Pictures were presented in blocks of 
nine, with unified content and presentation duration within each block, 
for a total of six task conditions: Military33, Military83, Medical33, 
Medical83, Civilian33 and Civilian83. Overall, the task included four 
blocks for each condition, four blocks containing only scrambled images, 

and one block containing pictures of mixed content that was presented 
at the beginning for practice purposes, for a total of 29 blocks. Blocks 
were interleaved by a blank gray screen for 6–9 s for a total task duration 
of 7 min. Throughout the task half of the pictures contained human 
images and the other half contained objects. Participants were instruc-
ted to indicate immediately after each picture presentation whether it 
included images of humans or objects thus maintaining their attention to 
the task while implicitly embedding the different task conditions. 

2.5. fMRI acquisition 

Structural and functional MRI data were obtained using a 3.0 T GE 
scanner with a standard head coil located at Tel-Aviv Sourasky Medical 
Center. Scan parameters were identical across all time points. High 
resolution anatomical images were acquired using a 3D sequence 
spoiled gradient (SPGR) echo sequence with the following scan pa-
rameters: TR/TE = 7.3/3.3 ms, voxel size 1 mm3, FOV = 25 × 18, 
matrix = 256 × 256. Functional whole-brain scans were conducted 
using a T2*-weighted gradient echo planner image (EPI) pulse sequence. 
Scan parameters were as follow: TR/TE = 3000/35 m s, flip angle = 90◦, 
voxel size = 3 mm3, FOV = 20 × 20 mm, slice thickness = 3 mm (no 
gap), 38–44 descending slices per volume. 

2.6. fMRI analysis 

Data preprocessing was completed using SPM12 v.7487 (Wellcome 
Center for Human Neuroimaging, http://www.fil.ion.ucl.ac.uk) imple-
mented in MATLAB R2018b (www.mathworks.com). Preprocessing 
steps included slice-timing and motion correction, spatial normalization 
to Montreal Neurological Institute (MNI) space and smoothing (8 mm 
FWHM). In addition, Artifact Detection Tool (ART) (http://web.mit. 
edu/swg/software.htm) was used in order to identify and model 
outlier TRs due to movement (0.7 mm measured as scan-to-scan sepa-
rately for translation and rotation) and global signal intensity (3.5 SD 
from the mean). All preprocessed images were visually inspected for 
quality control. First-level general linear models (GLMs) were computed 
using SPM12 separately for each participant and time point. Each model 
contained the six task regressors of interest (i.e., Military33, Military83, 
Medical33, Medical83, Civilian33 and Civilian83), alongside regressors 
for the scrambled and mixed-content blocks, six motion regressors and 
ART outlier TRs. Region of interest (ROI) analysis of these data were 
focused on the amygdala, hippocampus and ACC, considering substan-
tial evidence linking these limbic structures with neuroticism and stress 
(Allen and DeYoung, 2016; Canli, 2008; Chan et al., 2009; Haas et al., 
2007; Hyde et al., 2011; Ormel et al., 2013; Schuyler et al., 2014; Ser-
vaas et al., 2013). For that, anatomical masks of the bilateral amygdala 
and bilateral hippocampus were defined using the Automated 
Anatomical Labeling atlas (AAL) (Tzourio-Mazoyer et al., 2002) 
(Fig. 3A). Within the ACC, analysis was focused on its dorsal section 
(dACC) following meta-analyses of structural and functional neuro-
imaging studies that pointed towards the dACC as the most relevant ACC 
section in the context of emotional processing and neuroticism (Liu 
et al., 2021; Servaas et al., 2013). The dACC mask was defined using the 
Destrieux Atlas (2009) as implemented in neurovault (https://identifie 
rs.org/neurovault.image:23264) (Fig. 3A). MarsBAR toolbox v.044 
(http://marsbar.sourceforge.net) was used to extract mean 
beta-estimates (activations) for all six task regressors from these three 
ROIs. In addition to activation, functional connectivity patterns between 
these three limbic ROIs across time points were also assessed. In order to 
reduce the number of comparisons, functional connectivity analyses 
were restricted to ROIs and task conditions at which activation levels 
were related to neuroticism. Accordingly, psychophysiological interac-
tion (PPI) (McLaren et al., 2012) analysis was used to assess changes in 
amygdala and hippocampus functional connectivity with the dACC 
during the Medical83 condition (see results section). Following common 
procedure, PPI models, for each ROI, included all first-level GLM 
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regressors [six task conditions: (Military33, Military83, Medical33, 
Medical83, Civilian33 and Civilian83), scrambled and mixed-content 
blocks, six motion regressors and ART outlier TRs], as well as one 
additional regressor for the ROI time course and one additional regressor 
for the interaction between ROI time course and the Medical83 regres-
sor, with the latter being the regressor of interest for PPI analysis. 
Finally, exploratory analyses assessed amygdala and hippocampus 
functional connectivity during the Medical83 condition at the whole 
brain level with significance threshold set at p < .05 FWE voxel-wise 
corrected. 

2.7. Statistical analysis 

In order to assess the relation between neuroticism and limbic acti-
vation over time, linear mixed effects models (LME) were implemented 
using the lme 4 package in R v.3.6.3 (Bates et al., 2015), while treating 
neuroticism as the dependent variable and brain activation estimates as 
independent variables. First, a null model that contains only neuroticism 
scores and random intercepts was constructed. This null model yielded 
an intra-class correlation (ICC) of 45% for the subject’s random effect 
(S2 = 18.69, p < .001), indicating that the degree of individual differ-
ences in our data justified the use of LME. Second, the effect of time on 
neuroticism was assessed with neuroticism levels at each time point as 
the dependent variable and time as an independent categorical variable. 
Neuroticism scores at tp2 were regarded as the reference category, such 
that tp2 minus tp1 and tp2 minus tp3 were both included in the model. 
The EMAtools package (Kleiman, 2017) was utilized in order to assess 
the remaining contrast between tp3 and tp1. Similar LME models were 
implemented in order to assess the effect of time on the four additional 
NEO personality traits. Third, LME models also assessed the link be-
tween neuroticism and amygdala, hippocampus, and dACC activation (i. 
e. beta estimates extracted from first level analyses) for each task con-
dition separately. In these models, beta-estimates were treated as both 
time-varying (person-centered for the mean) and time-invariant (group 
mean-centered) predictors of neuroticism, in order to differentiate the 

contribution of intra-individual and inter-individual variance, respec-
tively. The full models included time, beta estimates (time varying \ 
time invariant) and their interaction. Non-significant interactions were 
removed from analysis. Significance was adjusted for multiple com-
parisons using Bonferroni correction (α = .05/(3 ROIs) = 0.0167). 
Simple slopes for each time point were extracted using the interactions 
package (JA, 2019). Fourth, similarly constructed LME models assessed 
the link between neuroticism and amygdala-dACC functional connec-
tivity during the Medical83 condition, neuroticism and 
hippocampus-dACC functional connectivity during the Medical83 con-
dition, and neuroticism and connectivity of the amygdala and hippo-
campus during the Medical83 condition with clusters that emerged in 
the exploratory whole brain analyses. P-values for all models were 
calculated via the Satterthwaite’s formula using the lmerTest package in 
R v.3.6.3 (Kuznetsova et al., 2017; Luke, 2017). 

3. Results 

3.1. Dynamics in stress exposure 

Out of the fifty participants that completed the first time point of the 
study (tp1), three did not complete the second time point (tp2) and 
thirteen did not complete the third time point (tp3). Data of seven 
additional participants from tp2 and eight additional participants from 
tp3 was partly missing with respect to either personality, stress-related 
symptoms, or neural reactivity. One additional participant was 
excluded from the study as an outlier due to extreme neuroticism score 
at tp3 (Z > 3.3). Anecdotally, this same participant was also the single 
outlier with respect to levels of posttraumatic and depressive symptoms 
at tp3, being the only participant to exhibit severe symptoms long-time 
following discharge (Figure S1, marked in red dot). Hence, the final 
sample included data of 49 participants at tp1, 39 participants at tp2 and 
28 participants at tp3, accounting for prior to, during, and long-time 
following military service, respectively. Study completers did not 
differ from non-completers with respect to gender, personality scores 

Fig. 2. Dynamics in personality across all five NEO personality traits. Boxplots describing all personality traits as a function of time. The lower and upper hinges 
correspond to the first and third quartiles (the 25th and 75th percentiles). The lower and upper whisker extends from the hinge to the smallest\largest value no 
further than 1.5 * inter quartile range (IQR) from the hinge. *indicates p < .05, **indicates p < .01. 
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and posttraumatic and depressive symptoms at tp1 (see Supplementary 
results). 

Immediately prior to their arrival to tp2, all study participants took 
active role as combat paramedics in the second Lebanon war. During this 
period, participants were exposed to multiple potentially traumatic 
sights of severe causalities; and were often also in charge of providing 
first-line medical care in the battlefield (Table 1). As expected, these 
events yielded an increase in posttraumatic and depressive symptoms 
from prior to during and following military service. Critically however, 
for both posttraumatic and depressive symptoms, mean group levels 
remained well below clinical threshold, with majority of soldiers 
exhibiting none-to-mild symptoms throughout the study three time 
points (see Supplementary results, Table 1 and Figure S1 for more 
details). 

3.2. Dynamics in neuroticism and additional personality traits 

With respect to neuroticism, the unconditional growth model 
revealed a significant effect of time (F(2,78.19) = 7.22, p = .002), driven 
by an increase in neuroticism levels from prior to during military ser-
vice, and a subsequent decrease in neuroticism from during military 
service to following discharge (B(tp2-tp1) = 2.05, p = .028, 95% CI 0.23 to 
3.88; B(tp3-tp1) = 2.00, p = .062, 95% CI -0.11 to 4.10; B(tp3-tp2) = − 4.05, 
p < .001, 95% CI -6.16 to − 1.94; Fig. 2). See Figure S2 for the distri-
bution and internal consistency of neuroticism scores across time-points. 
Importantly, neuroticism was the only personality trait to exhibit such 
quadratic pattern of change over time. With respect to extraversion, the 
unconditional growth model revealed a significant effect of time (F(2, 

75.378) = 6.28, p = .002), driven by a decrease in extraversion from prior 
to during military service as well as from prior to following discharge 
(B(tp2-tp1) = − 2.34, p = .001, 95% CI -3.76 to − 0.93; B(tp3-tp1) = 2.17, p 
= .010, 95% CI 0.53 to 3.81), with no change from during military 
service to following discharge (B(tp3-tp2) = 0.18, p = .830, 95% CI 1.46 to 
1.82; Fig. 2). With respect to conscientiousness, the unconditional 
growth model revealed a significant effect of time (F(2, 74.13) = 4.04, p =
.021), driven by an increase in conscientiousness from prior to following 
discharge as well as from during military service to following discharge 
(B(tp3-tp1) = − 2.48, p = .006, 95% CI -4.24 to − 0.71; B(tp3-tp2) = 1.90, p 
= .034, 95% CI 0.14 to 3.67), with no change from prior to during 
military service (B(tp2-tp1) = − 0.57, p = .461, 95% CI -2.09 to 0.94; 
Fig. 2). Finally, there was no time effect in agreeableness (F(2, 79.46) =

1.53, p = .222) or openness (F(2, 77.41) = 0.31, p = .729). 

3.3. Dynamics in neuroticism and limbic reactivity 

Linear mixed effects (LME) models assessing the link between 
neuroticism and amygdala activation across time yielded a significant 
interaction only with respect to time-varying beta-estimates of the 
Medical83 condition (F(2, 99.84) = 6.21, p = .002; all other p’s > 0.12), 
indicating a time-dependent relationship between neuroticism and 
intra-individual differences in amygdala activation. Specifically, 
elevated neuroticism during military service was associated with 
reduced amygdala activation at that time relative to oneself, while 
elevated neuroticism following discharge was associated with increased 
amygdala activation (B(tp2) = − 11.51, p = .002, 95% CI -18.66 to − 4.40; 
B(tp3) = 8.60, p = .046, 95% CI 0.19 to 17.00 respectively; Fig. 3B). The 
association between neuroticism prior to military service and amygdala 
activation was not significant (B(tp1) = 2.59, p = .479, 95% CI -4.52 to 
9.70). Post-hoc comparisons further revealed that the association be-
tween neuroticism and amygdala activation during military service was 
significantly different from the association between neuroticism and 
amygdala activation prior to (B(tp2-tp1) = − 14.19, p = .015, 95% CI 
-25.56 to − 2.68), as well as following discharge (B(tp3-tp2) = − 20.04, p <
.001, 95% CI -31.68 to − 8.58). 

LME models assessing the link between neuroticism and hippocam-
pal activation yielded similar results. Here as well only time-varying 

Fig. 3. Dynamics in neuroticism and limbic reactivity. A) Masks of three 
anatomically defined ROIs. Anatomical masks of the amygdala (yellow) and 
hippocampus (blue) were defined using the Automated Anatomical Labeling 
atlas (AAL) (Tzourio-Mazoyer et al., 2002), and the mask of the dACC (green) 
was defined using the Destrieux Atlas (2009) as implemented in neurovault 
(https://identifiers.org/neurovault.image:23264). (B–D) Scatter plots of the 
association between neuroticism scores and limbic reactivity in response to the 
Medical83 condition over the three time points of assessment. B) Linear mixed 
effects (LME) model for amygdala reactivity revealed a significant time by 
amygdala activation interaction (F(2, 99.84) = 6.21, p = .002), driven by 
time-dependent relationship between neuroticism and amygdala activation 
such that elevated neuroticism during military service was associated with 
reduced amygdala activation at that time (B(tp2) = − 11.51, p = .002), while 
elevated neuroticism following discharge was associated with increased 
amygdala activation (B(tp3) = 8.60, p = .046). C) LME model for hippocampus 
reactivity revealed a significant time by hippocampus activation interaction 
(F(2, 101.12) = 4.81, p = .010), driven by time-dependent relationship between 
neuroticism and hippocampus activation such that elevated neuroticism during 
military service was associated with reduced hippocampus activation at that 
time (B(tp2) = − 12.64, p = .005), while the association between elevated 
neuroticism following discharge and increased hippocampal activation was 
trending towards significance (B(tp3) = 11.69, p = .061). D) LME model for 
hippocampus-dACC connectivity revealed a significant time by 
hippocampus-dACC connectivity interaction (F(2, 103) = 4.14, p = . 018), driven 
by time-dependent relationship between neuroticism and hippocampus-dACC 
connectivity such that elevated neuroticism during military service was asso-
ciated with reduced hippocampus-dACC functional connectivity (B(tp2) =

− 3.13, p = .008). In all panels, reactivity values were person-mean centered, 
representing intra-individual change. *indicates p < .05, **indicates p < .01. 
(For interpretation of the references to colour in this figure legend, the reader is 
referred to the Web version of this article.) 
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beta-estimates of the Medical83 condition significantly interacted with 
neuroticism (F(2, 101.12) = 4.81, p = .010, all other p’s > 0.02). Elevated 
neuroticism during military service was associated with reduced hip-
pocampal activation at that time relative to oneself, while the associa-
tion between elevated neuroticism following discharge and increased 
hippocampal activation was trending towards significance (B(tp2) =

− 12.64, p = .005, 95% CI -21.47 to − 3.81; B(tp3) = 11.69, p = .061, 95% 
CI -0.54 to − 23.92, respectively; Fig. 3C). The association between 
neuroticism prior to military service and hippocampus activation was 
not significant (B(tp1) = 2.22, p = .619, 95% CI -6.51 to 10.95). Post-hoc 
comparisons revealed that the association between neuroticism and 
hippocampal activation during military service was significantly 
different from the association between neuroticism and hippocampal 
activation prior to (B(tp2-tp1) = − 14.86, p = .042, 95% CI -29.04 to 
− 0.36), as well as following discharge (B(tp3-tp2) = − 24.33, p = .002, 
95% CI -8.53 to − 39.93). 

No interactions emerged between neuroticism and dACC activation 
across conditions (all p’s > 0.13). Also, across the three ROIs, no sig-
nificant effects of time-invariant mean-activation emerged in any of the 
conditions, implying that current results depict associations between 
intra-individual differences in amygdala and hippocampus activation 
and dynamics in neuroticism scores over time. 

3.4. Dynamics in neuroticism and limbic functional connectivity 

LME models assessing the link between neuroticism and functional 
connectivity of the amygdala and hippocampus with the dACC in the 
Medical83 condition yielded a significant effect only for hippocampus- 
dACC connectivity (F(2, 103) = 4.14, p = .018). This effect was driven 
by time-dependent relationship between neuroticism and hippocampus- 
dACC connectivity such that elevated neuroticism during military ser-
vice was associated with reduced hippocampus-dACC functional con-
nectivity at that time relative to oneself (B(tp2) = − 3.13, p = .008, 95% 
CI -5.49 to − 0.94; Fig. 3D). The relation between neuroticism scores and 
hippocampus-dACC connectivity was not significant prior tomilitary 
service nor following discharge (B(tp1) = 1.91, p = .105, 95% CI -0.41 to 
4.19; B(tp3) = − 0.29, p = .789, 95% CI -2.37 to 1.95). Post-hoc com-
parisons revealed that the association between neuroticism and 
hippocampus-dACC connectivity during military service was signifi-
cantly different from the association between neuroticism and 
hippocampus-dACC functional connectivity prior to but not following 
discharge (B(tp2-tp1) = 5.04, p = .005, 95% CI 1.65 to 8.44; B(tp3-tp2) =

2.83, p = .099, 95% CI -0.45 to 6.16). 
Exploratory whole brain analysis revealed two clusters that exhibited 

significant functional connectivity with the amygdala during the Med-
ical83 condition, located in the right calcarine sulcus and bilateral 

thalamus (see Figure S4A and Table S1). Five clusters emerged with 
respect to hippocampal connectivity during the Medical83 condition, 
also located in the right calcarine sulcus and bilateral thalamus, as well 
as in the post-central gyrus, left hippocampus and the left medial section 
of the cingulate cortex (MCC) (see Figure S4B and Table S1). LME 
models assessing the link between neuroticism and functional connec-
tivity in these clusters yielded a significant effect only for the 
hippocampus-MCC functional connectivity (F(2, 95.888) = 3.83, p = .024), 
such that elevated neuroticism during military service was associated 
with reduced hippocampus-MCC functional connectivity relative to 
oneself (B(tp2) = − 2.44, p = .009, 95% CI -4.23 to − 0.64; Figure S4C), 
and this association was significantly different from the association 
between neuroticism and hippocampus-MCC functional connectivity 
following discharge (B(tp3-tp2) = − 3.87, p = . 006, 95% CI -6.63 to 
− 1.12). 

4. Discussion 

The current prospective longitudinal assessment of personality 
among healthy young adult soldiers revealed that neuroticism levels 
increased during a military service that included active combat relative 
to prior to stress, yet decreased back to pre-stress levels one year 
following military discharge. Critically, neuroticism was the only per-
sonality trait to exhibit such quadratic pattern of stress-induced dy-
namics. Exposure to multiple potentially traumatic sights of severe 
causalities during active combat also yielded an expected increase in 
posttraumatic and depressive symptoms among the soldiers. Neverthe-
less, these stress-related psychopathological symptoms remained well 
below clinical levels in the current cohort, with majority of participants 
exhibiting none-to-mild levels of posttraumatic and depressive symp-
toms during as well as following their military service, implying that the 
current cohort mostly include resilient individuals. Taken together, this 
may suggest that the observed dynamics in their personality scores de-
pict an adaptive response to stress, expressed as elevated neuroticism 
during stress and subsequent normalization of neuroticism levels long- 
time following stress offset. In support of that, the resilience frame-
work considers resilience as a dynamic process of successful adaptation 
to stress that unfolds over time (Kalisch et al., 2017). Stemming from 
this framework is the idea that an adaptive reaction to stress is not equal 
to no reaction or no change at all. Accordingly, temporary elevation in 
neuroticism during periods of prolonged danger or stress, expressed as 
perceiving the world as more dangerous than before, exhibiting 
enhanced sensitivity to threat cues (Drabant et al., 2011), or hypervig-
ilance and increased caution (Lommen, Engelhard, & van den Hout, 
2010), may reflect this kind of adaptive reaction. In other words, upon 
exposure to prolonged severe stress, fostering behavioral tendencies that 

Table 1 
Dynamics in stress exposure, symptomatology and personality scores over time. Descriptive statistics of exposure to potentially traumatic events (%), post-
traumatic and depressive symptom levels (Mean (SD)) and NEO big five personality trait scores (Mean (SD)) over time. Exposure statistics are based on n = 39 (tp1), n 
= 44 (tp2) and n = 31 (tp3). Symptomatology and personality statistics are based on n = 49 (tp1), n = 39 (tp2) and n = 28 (tp3). Groups with matching superscripts 
indicate significant difference (p < .05). PDS - posttraumatic stress diagnostic scale; BDI - Beck Depression Inventory. NEO-FFI - NEO Five-Factor Inventory.   

Prior to military service During military service Following discharge 

Exposure to potentially traumatic events 
Exposed to harsh scenes of casualties 36.8 97.7 51.6 
Managed an event with a seriously injured or unstable patient 23.1 95.5 58.1 

Symptomatology 
PDS 1.62 (4.52)1,2 4.58 (5.55)1 3.10 (5.83)2 

BDI 3.05 (3.18)1 4.31 (3.84) 4.2 (4.01)1 

Personality (NEO-FFI) 
Neuroticism 17.71 (4.91)1 19.61 (7.00)1,2 15.19 (7.00)2 

Extraversion 32.77 (5.41)1,2 30.43 (6.02)1 30.43 (5.79)2 

Conscientiousness 31.62 (6.75)1 32.14 (7.66)2 35.10 (6.14)1,2 

Agreeableness 29.85 (4.67) 28.64 (5.01) 29.68 (5.15) 
Openness 28 (5.35) 27.70 (6.58) 27.55 (6.59)  
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include heightened threat anticipation and anxiety may facilitate coping 
(King and Trent, 2012; Watson and Casillas, 2003). While these notions 
are somewhat divergent from the prevalent conceptualization of 
elevated neuroticism as a risk factor, it is important to keep in mind that 
majority of evidence to date relied on cross-sectional or longitudinal 
designs that were conducted in a “stress-free” environment. Our study 
examined personality and stress-related psychopathological symptoms 
prior to, during, and long-time following real-life combat stress, and as 
such may have uncovered novel dynamic resilience patterns. The 
adaptiveness of these flexible dynamics in behavioral tendencies is also 
in line with previous demonstrations that cognitive flexibility represents 
a resilience factor upon exposure to stress (Ben-Zion et al., 2018). 
Indeed, a critical element in the putative adaptiveness of this dynamic 
process includes a reduction in neurotic tendencies following stress 
offset as a sign of recovery or normalization, as demonstrated here. 
Anecdotally, the single participant in the current cohort with extreme 
neuroticism scores following military discharge was also the only 
participant to exhibit severe posttraumatic and depressive symptoms. 

Dynamics in neuroticism were also found to be associated in a time- 
dependent manner with intra-individual differences in limbic reactivity. 
Specifically, elevated neuroticism during military service was associated 
with reduced amygdala and hippocampus activation in response to 
stress-related content relative to oneself, with the opposite pattern 
emerging following stress offset (i.e., one year following discharge). 
Similar to personality patterns, these results may appear counterintui-
tive at first, in light of vast literature linking elevated neuroticism scores 
with increased amygdala and hippocampus activation (Brown et al., 
2020; Chan et al., 2009; Haas et al., 2007; Schuyler et al., 2014). In here 
a positive association between neuroticism and limbic reactivity 
emerged only in a “stress-free” period, one year following discharge, a 
period that may resemble the circumstances of previous studies. What 
could then account for the negative association between limbic reac-
tivity to stress related content and neuroticism scores during stressful 
military service? First, these results support a dynamic and 
context-dependent association between neuroticism and limbic reac-
tivity (Everaerd et al., 2015; Servaas et al., 2013), as well as the notion 
that stress-induced neural changes may be partially persistent and 
partially reversible over long time periods (van Wingen et al., 2012). But 
even more specifically, multitude of evidence links limbic, particularly 
amygdala, reactivity to stress-related and negatively charged stimuli 
with stress-related psychopathology (Admon et al., 2013b; Etkin and 
Wager, 2007; Henigsberg et al., 2019). Even within this cohort, elevated 
amygdala and hippocampus reactivity to stress-related content during 
stress has been associated with more posttraumatic and depressive 
symptoms (Admon et al., 2013a; Admon et al., 2009). Following this 
line, the association between elevated neuroticism and reduced amyg-
dala and hippocampus reactivity to stress-related content during stress 
further strengthens the putative adaptiveness of these dynamics in 
personality. In other words, elevated neuroticism in the proper context 
(i.e., upon exposure to prolonged severe stress) may promote resilience 
via its association with reduced limbic reactivity to stress-related con-
tent. As before, the true adaptiveness of these processes may depend on 
their reversibility following stress offset, at the behavioral and neural 
levels. More broadly, these processes may represent protective mecha-
nisms that promote short-term adaptation during stress (allostasis), 
while their reversibility following stress offset in the current resilient 
cohort may represent individuals’ ability to avoid a more chronic allo-
static load (McEwen and Gianaros, 2010). 

Functional connectivity analysis revealed that elevated neuroticism 
during military service was also associated with reduced hippocampus- 
cingulate cortex connectivity in response to stress-related content. 
Interestingly, both the dACC and MCC were found to exhibit such 

pattern in here, based on ROI and whole brain analysis, respectively. 
These results further extend the dynamic nature of the association be-
tween neuroticism and limbic reactivity towards connectivity patterns. 
Currently, neuroimaging studies assessing the link between neuroticism 
and functional connectivity are scarce and have yielded inconsistent 
results (Cremers et al., 2010; Silverman et al., 2019; Yang et al., 2020). 
Following the same rationale as for activation results, we can speculate 
that previous associations that were reported cross-sectionally under 
non-stressful circumstances may not necessarily emerge under stressful 
periods, and that the current longitudinal associations between elevated 
neuroticism and reduced hippocampus-cingulate connectivity in 
response to stress-related content during military service may have 
contributed to stress adaptation. Such notion is supported by the 
well-established role of the dACC in threat appraisal and emotional 
expression during associative threat learning (Etkin et al., 2011). To this 
end, in the current sample of combat paramedics, reduced 
hippocampus-dACC connectivity was only evident in response to a priori 
neutral medical images that may have gained their stress-context 
through associative learning processes. Reduced hippocampus-dACC 
connectivity may therefore reflect diminished emotional association of 
the a priori neutral medical images during military service, a connec-
tivity pattern that is evident among individuals with elevated neuroti-
cism at that time and may lead to improved coping. Relatedly, the link 
between hippocampal and dACC activation patterns was also shown to 
influence threat bias in an independent sample of resilient soldiers (Lin 
et al., 2015). With respect to MCC, its function has been linked to 
response selection and feedback-guided decision making in a wide va-
riety of task manipulations (Vogt, 2016, 2019). In the context of stress, 
MCC activation was found to be positively correlated with posttraumatic 
stress disorder (PTSD) symptom severity (Etkin and Wager, 2007), and 
longitudinal reduction in PTSD symptom severity following therapy was 
associated with decreased MCC activation (Garrett et al., 2019). These 
results point towards reduced MCC reactivity during stress as a poten-
tially adaptive response, which in here was associated with elevated 
neuroticism. Whether the dACC and MCC represent two components of a 
single mechanism for stress adaption via associations with hippocampal 
connectivity and neuroticism, or whether these cingulate clusters 
represent two distinct mechanisms, is for future studies to assess. 

Although the focus of this study was on neuroticism, we also 
explored whether the four additional NEO traits changed over the three 
time points of assessment. Finding include a decrease in extraversion 
and an increase in conscientiousness scores over time. Critically, unlike 
the quadratic pattern of change in neuroticism, extraversion decreased 
from prior to during military service and remained low following 
discharge, while conscientiousness gradually increased over time from 
during to following discharge. Considering that our participants were all 
young adults, a period in which personality is particularly malleable, we 
cannot attribute these linear changes solely to the effect of stress. In fact, 
in non-stressful circumstances personality tends to develop in a positive 
direction with age (i.e., increase in emotional stability, confidence and 
social vitality) (Roberts et al., 2006; Robins et al., 2001; Vaidya et al., 
2008), resembling the pattern of change observed in here. Accordingly, 
dynamics in extraversion and conscientiousness may (or may not) reflect 
typical personality changes during young adulthood. These findings 
further strengthen the notion that the observed dynamics in neuroti-
cism, being the only personality trait to exhibit a quadratic pattern of 
change, were not driven by age per se but rather by the effect of stress 
and its offset. 

While the unique cohort and design of the current study enabled 
prospective longitudinal assessment of personality, stress-related psy-
chopathological symptoms, and neural activation and connectivity 
patterns, prior to, during and long-time following exposure to real-life 
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combat stress, it is not lack of limitations. First, trait questionnaires may 
be confounded with situational effects. Thus, observed dynamics in 
neuroticism scores may be partially due to changes in participants’ 
mood state or anxiety levels. In fact, state and trait questionnaires are 
highly correlated and share overlapping components, with traits ques-
tionnaires explaining around 30–50% of the variance in negative affect 
(Steel et al., 2008). States like depressions and anxiety, however, have 
shown only small effect on neuroticism levels (Karsten et al., 2012). 
Additionally, a dynamic perspective of personality suggests that per-
sonality itself may change in response to prolonged stress (Metts et al., 
2021). Here, participants’ levels of neuroticism showed different dy-
namics then posttraumatic and depression symptoms, suggesting that 
not all of the effect of neuroticism was due to situational causes. 
Nevertheless, since we did not obtain data regarding participants’ mood 
or anxiety levels, we cannot completely preclude such confounds. A 
second limitation of the current study may stem from its relatively ho-
mogenous cohort, potentially impacting the generalizability of results. 
To this end, all study participants were thoroughly screened and passed 
a series of physical, cognitive, mental, and sociodemographic tests and 
examinations prior to their enrollment to the military, suggesting that 
the current cohort may hold multiple resilience factors. Indeed, while all 
participants were exposed to multiple potentially traumatic sights of 
severe causalities during active combat, vast majority of them exhibited 
none-to-mild levels of posttraumatic and depressive symptoms during as 
well as following their military service. As a consequence of this paucity 
of symptoms, we were unable to investigate putative relations between 
the observed personality and neural dynamic patterns and individual 
variability in symptom levels, and instead we refer to the sample as a 
homogenously resilient cohort (excluding a single participant). 

Participants were also all young adults during the study period, thus 
might have been particularly malleable to personality and neural 
changes regardless of stress. It should be noted however, that the five 
personality traits exhibited different dynamic patterns, with neuroticism 
being the only trait to exhibit a quadratic pattern of change, supporting 
the notion that current neuroticism-related results were not driven by 
age per se but rather by the effect of stress and its offset. Sample ho-
mogeneity may have also contributed to the fact that out of the six task 
conditions, only the response to Medical83 condition was associated 
with neuroticism scores. Considering that participants were all combat 
paramedics and that their stressful experiences were in the context of 
medical care, the response to the medical pictures may be a specific 
feature of the current sample. Additional limitation may relate to the 
relatively modest size of our final sample, with 49, 40 and 28 partici-
pants prior to, during, and long-time following military service, 
respectively. While no significant differences emerged between study 
completers and non-completers with respect to gender, personality 
scores, and posttraumatic and depressive symptoms prior to their 

military service, it could still be possible that non-completers exhibited 
more stress-related symptoms during or following their military service. 
Nevertheless, as far as we know, the current study represents the first 
prospective longitudinal assessment of neural reactivity prior to, during, 
and long-time following military service, due to the tremendous chal-
lenges that such design involves. Finally, it should be noted that some of 
our hypotheses were not met, including no relation between dACC 
activation and neuroticism across all time points, no relation between 
reactivity in all limbic region and neuroticism prior to military service 
and no time-invariant mean-activation effects. It remains open for future 
investigations whether these null findings stem from the relative ho-
mogeneity of the current sample or from its modest size, with both 
factors potentially limiting our ability to detect inter-individual 
differences. 

5. Conclusions 

In conclusion, using a unique prospective longitudinal design, we 
were able to demonstrate that stressful military service at young 
adulthood yields a temporary increase in neuroticism as well as a tem-
porary decrease in limbic reactivity, with both effects being reversed 
long-time following discharge. Considering that most participants 
maintained functionality and mental health despite exposure to real-life 
combat stress, these dynamic patterns may depict behavioral and neural 
mechanisms that facilitate stress resilience. 
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Appendix A 

Supplementary methods 

Recruitment procedure 
Prior to their enrollment to a pre-draft course of combat paramedics, participants went through a series of tests and examinations in order to 

determine their suitability for the paramedic course. Since military service is mandatory in Israel, there is a regular recruitment process that maps each 
soldier’s status and abilities across several domains in order to determine his\her role and unit of assignment. This process is comprised of several 
parts: First, a quality index is given to each soldier based on socio demographic information such as education level and on primary psycho-technical 
rating index. The primary psycho-technical rating index is based on performance in psycho-technical tests that measure cognitive abilities 
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(quantitative, verbal and formal thinking abilities). Additionally, each soldier is given a medical profile score based on a physical exam. Lastly, each 
soldier is interviewed by a trained psychotechnical diagnostician on order to assess their mental capability to serve in a combat military service. These 
scores serve as a threshold for recruitment to elite units and roles such as the combat paramedics in our sample. 

Supplementary results 

Comparing study completers and non-completers 
Study completers (n = 28) did not differ from non-completers (n = 22) with respect to gender (Х2

(1, 50) = 0.01, p = .905), personality at the first 
time point MNeuroticism_t1(completers) = 17.34, MNeuroticism_t1(non completers) = 18.15, t(47) = − 0.56, p = .57, 95% CI -3.671 to 2.060; MExtraversion_t1(completers) 
= 33.51, MExtraversion_t1(non completers) = 31.60, t(47) = 1.236, p = .222, 95% CI -1.202 to 5.037; MConciousness_t1(completers) = 32.37, MConciousness_t1(non 

completers) = 30.65, t(47) = 0.886, p = .379, 95% CI -2.193 to 5.652; MAgreeblness_t1(completers) = 30.03, MAgreeblness_t1(non completers) = 29.60, t(47) = 0.319, p 
= .75, 95% CI -2.297 to 3.166; MOpenness_t1(completers) = 27.48, MOpenness_t1(non completers) = 29.00, t(47) = − 0.975, p = .33, 95% CI -4.645 to 1.611), and 
posttraumatic and depressive symptoms at the first time point (Mann-Whiteny UPDS_t1 = 309.5, p = .608; Mann-Whiteny UBDI_t1 = 144.5, p = .314, 
respectively). 

Dynamics in psychopathological symptoms 
The effect of time on posttraumatic and depressive symptoms was analyzed using poisson generalized linear mixed effect models (GLMM) to 

account for skewed distribution, with either posttraumatic or depressive symptoms at each time point as the dependent variables and time as an 
independent factor. Unconditional growth models of posttraumatic symptom levels revealed a significant effect of time (χ2

(2) = 63.63, p < .001), due 
to an increase in posttraumatic symptoms at the group level from prior to during military service (IRRPDS(tp2-tp1) = 2.73, Z = 7.57, p < .001). Following 
discharge, posttraumatic symptoms slightly declined back yet were still significantly different from symptom levels prior to, but not during military 
service (IRRPDS(tp3-tp1) = 2.18, Z = 4.95, p < .001; IRRPDS(tp3-tp2) = 0.80, Z = − 1.66, p = .096; Figure S1A and Table 1). Depressive symptoms also 
exhibited a pattern of change over time (χ2

(2) = 6.69, p = .03), with a trend towards significant increase in depressive symptoms during military 
service, and a significant increase following discharge compared to prior to military service (IRRBDI(tp2-tp1) = 1.26, Z = 1.88, p = .060; IRRBDI(tp3-tp1) =

1.43, Z = 2.54, p = .010; IRRBDI(tp3-tp2) = 1.13, Z = 1.00, p = .316; Figure S1B and Table 1).

Fig. S1. Dynamics in post-traumatic and depressive symptoms. Boxplots describing posttraumatic and depressive symptom over the three time points of 
assessment, accounting for prior to, during, and long-time following military service, respectively. A) Unconditional growth models of posttraumatic symptom levels 
revealed a significant effect of time (χ2

(2) = 63.63, p < .001), driven by an increase in symptoms from prior to during military service and to following discharge 
(IRRPDS(tp2-tp1) = 2.73, Z = 7.57, p < .001; IRRPDS(tp3-tp1) = 2.18, Z = 4.95, p < .001). B) Unconditional growth models of depressive symptoms levels revealed a 
significant effect of time (χ2

(2) = 6.69, p = .03), driven by a trend towards increase in symptoms from prior to during military service and a significant increase from 
prior to following discharge (IRRBDI(tp2-tp1) = 1.26, Z = 1.88, p = .060; IRRBDI(tp3-tp1) = 1.43, Z = 2.54, p = .010). Critically, for both posttraumatic and depressive 
symptoms, mean levels remained well below clinical threshold throughout all three time points, with majority of participants exhibiting none-to-mild symptoms. A 
single participant exhibited severe posttraumatic and depressive symptoms long-time following discharge and was excluded from analysis as an outlier (marked in 
red dot). Levels of severity norms are labeled in gray, based on (Foa, 1995) and (Beck et al., 1988) respectively.  
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Fig. S2. Distribution of neuroticism scores across time-points. Dashed line represents group mean. Also, Neuroticism scores showed internal consistency 
(Cronbach’s alpha) of: αtp1 = .82, αtp2 = .77, and αtp3 = .83 across time points, representing acceptable consistency scores. 

Fig. S3. Task performance. Accuracy during the backward masking task across conditions and time points (A-C). During the task participants were instructed to 
indicate immediately after each picture presentation whether it included images of people or objects. A total of (9 × 4) 36 pictures of people and 36 pictures of 
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objects were presented per condition per time point. Y axis – mean number of times participants indicated that the picture was of people\objects. arm = army, med =
medical, neu = neutral, p = people, o = objects. Error bars represent standard errors.

Fig. S4. Dynamics in neuroticism and limbic functional connectivity. Results of exploratory whole brain analysis assessing amygdala and hippocampus con-
nectivity during the Medical83 condition with significance threshold set at p < .05 FWE voxel-wise corrected. A) Two clusters emerged with respect to amygdala 
connectivity, located in the right calcarine sulcus and bilateral thalamus (pulvinar nucleus). B) Five clusters emerged with respect to hippocampal connectivity, also 
located in the right calcarine sulcus and bilateral pulvinar nucleus of the thalamus, as well as in the post-central gyrus, left hippocampus and the left medial section of 
the cingulate cortex (MCC; marked with a red circle). C) The LME model for hippocampus-MCC functional connectivity revealed a significant time by hippocampus- 
MCC connectivity interaction (F(2, 95.888) = 3.83, p = .024), driven by time-dependent relationship between neuroticism and hippocampus-MCC connectivity such 
that elevated neuroticism during military service was associated with reduced hippocampus-MCC functional connectivity (B(tp2) = − 2.44, p = .009). *indicates p 
< .05.  

Table S1 
Clusters that emerged from whole brain functional connectivity analysis. Results of exploratory whole brain 
analysis assessing functional connectivity with the amygdala and hippocampus during the Medical83 condition. XYZ 
Coordinates reported in Montreal Neurological Institute (MNI) space. Statistical threshold for search volume: p < .05 
FWE voxel-wise corrected, cluster >10 voxels.   

X,Y,Z Z-score Cluster size 

Amygdala as seed 
Left Thalamus − 6, − 22, 10 5.21 18 
Right Thalamus 9, − 19, 7 4.95 11 
Left Calcarine 0, − 61, 13 5.70 22 
Hippocampus as seed 
Left Hippocampus − 30, − 19, − 17 5.97 24 
Right Calcarine 3, − 58, 13 5.34 49 
Middle Cingulate Cortex (MCC) 3, − 16, 52 5.13 12 
Left post-central gyrus − 33, − 28, 55 5.00 14 
Left Thalamus 0, − 22, 13 5.01 11  
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